Progesterona e hormônio folículo-estimulante interagem e promovem a sobrevivência e o desenvolvimento in vitro de folículos pré-antrais caprinos by Lima-Verde, Isabel Bezerra et al.
 All the contents of www.scielo.br, except where otherwise noted, is licensed 
under a Creative Commons Attribution License 
 Todo o conteúdo deste site www.scielo.br, exceto quando identificado, utiliza 
uma Licença de Atribuição Creative Commons. 
REFERÊNCIA 
LIMA-VERDE, Isabel B. et al. Progesterone and follicle stimulating hormone interact and 
promote goat preantral follicles survival and development in vitro. Pesquisa Veterinária 
Brasileira, Rio de Janeiro, v.32, n.4, p. 361-367. Apr. 2012. Disponível em: < 
http://www.scielo.br/pdf/pvb/v32n4/15.pdf>. Acesso em: 22 jan. 2015.  
http://dx.doi.org/10.1590/S0100-736X2012000400015. 
Pesq. Vet. Bras. 32(4):361-367, abril 2012
361
RESUMO.- [Progesterona e Hormônio Folículo-Estimu-
lante interagem e promovem a sobrevivência e o de-
senvolvimento in vitro de folículos pré-antrais capri-
nos.] Este trabalho veriicou os efeitos da progesterona e 
do hormônio folículo-estimulante (FSH) na sobrevivência e 
no crescimento de folículos pré-antrais caprinos. Fragmen-
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We investigated the effects of progesterone and follicle stimulating hormone (FSH) on 
survival and growth of caprine preantral follicles. Pieces of ovarian tissue were cultured 
for 1 or 7 days in minimum essential medium (MEM) alone or containing progesterone (1, 
2.5, 5, 10 or 20ng/mL), FSH (50ng/mL) or the interaction between progesterone and FSH. 
Fresh (non-cultured control) and cultured ovarian tissues were processed for histological 
and ultrastructural studies. After 7 days the addition of FSH to all progesterone concen-
trations maintained the percentage of normal follicles similar to fresh control. At day 7 
of culture, a higher percentage of developing follicles was observed only in 2.5ng/ml of 
progesterone associated with FSH or 10ng/ml of progesterone alone when compared with 
control. From day 1 to day 7 of culture, a signiicant increase in the percentage of develo-
ping follicles was observed in MEM and 2.5ng/ml of progesterone + FSH. In addition, after 
7 days, in all treatments, there was a signiicant increase in follicular diameter when com-
pared with control, except for MEM alone and in 5ng/ml of progesterone + FSH or 10ng/ml 
of progesterone alone. Ultrastructural studies conirmed follicular integrity after 7 days of 
culture in 2.5ng/ml of progesterone with FSH. In conclusion, this study demonstrated that 
the interaction between progesterone and FSH maintains ultrastructural integrity, stimula-
tes primordial follicles activation and further growth of cultured caprine preantral follicles.
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tos de tecido ovariano foram cultivados por 1 ou 7 dias em 
Meio Essencial Mínimo (MEM) sozinho ou contendo pro-
gesterona (1, 2.5, 5, 10 ou 20ng/mL), FSH (50ng/mL) ou 
a combinação entre esses dois hormônios. O tecido fresco 
(controle não-cultivado) e o cultivado foram processados 
para análise histológica e ultra-estrutural. Após 7 dias 
a adição de FSH a todas as concentrações de progestero-
ne manteve o percentual de folículos normais similar ao 
controle fresco. No dia 7 de cultivo, um alto percentual de 
folículos em desenvolvimento foi observado somente no 
tratamento com 2,5ng/ml de progesterona associada ao 
FSH ou com 10ng/ml de progesterona sozinha, em relação 
ao controle fresco. Do dia 1 para o dia 7 de cultivo, um au-
mento signiicativo no percentual de folículos em desen-
volvimento foi observado no MEM sozinho e adicionado de 
2,5ng/ml de progesterona + FSH. Além disso, após 7 dias, 
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em todos os tratamentos, houve um aumento signiicativo 
no diâmetro folicular em relação ao controle, exceto nos 
tratamentos com MEM sozinho, 5ng/ml de progesterona + 
FSH ou 10ng/ml de progesterona sozinha. A análise ultra-
-estrutural conirmou a integridade follicular após 7 dias 
de cultivo no tratamento com 2,5ng/ml de progesterona + 
FSH. Em conclusão, este estudo demonstrou que a intera-
ção entre progesterona e FSH mantém a integridade ultra-
-estrutural, estimula a ativação de folículos primordiais e 
o posterior crescimento de folículos pré-antrais caprinos 
cultivados in vitro.
TERMOS DE INDEXAÇÃO: Progesterona, hormônio folículo-esti-
mulante, FSH, folículo pré-antral, caprinos.
INTRODUCTION
In vitro follicle culture is an essential tool in understanding 
the mechanisms of oocyte growth and differentiation. Over 
recent years, various culture systems for preantral follicles 
have been developed in several species (Cecconi et al. 1999, 
Gutierrez et al. 2000, Matos et al. 2007a,b). Primordial folli-
cles represent the earliest and the most abundant stage of 
ovarian follicles and consist of an oocyte surrounded by a 
single layer of lattened granulosa cells (Gougeon 1996). 
Mechanisms regulating the activation of follicles from the 
primordial through the primary stages of development are 
still limited. Because primordial follicles potentially repre-
sent a large source of oocytes in humans and large animals, 
with several possible applications, such as infertility treat-
ment in clinical medicine or improvement of animal repro-
ductive potential, efforts have been focused on developing 
culture systems for follicles at that stage. In addition, the in 
vitro culture of preantral follicles allows the evaluation of 
the effects of different substances (hormones, growth fac-
tors, antibiotics, etc) on the ovarian physiology before their 
use in vivo in animals or humans.
Steroid hormones, such as progesterone, are important 
in the reproductive processes of mammalian female. The 
ovary synthesizes progesterone, and its secretion is depen-
dent on gonadotrophin stimulation and physiological state 
of the ovary (Peluso 2006). This hormone acts in follicular 
growth, ovulation and luteinization (Peluso 2006), besides 
prevents apoptosis in granulosa cells in human (Makri-
giannakis et al. 2000) and mouse (Shao et al. 2003). The 
effects of progesterone in the ovary are carried out directly 
by their receptors (PRA and PRB). In caprine, the plasma-
tic physiological concentrations of progesterone alternate 
from 0.5 up to 13.3 ng/ml during estrous cycle (Mencha-
ca and Rubianes 2002, Khanum et al. 2007). However, the 
effects of different physiological concentrations of proges-
terone are not yet tested in the in vitro culture of caprine 
preantral follicles, being important to verify if this hormo-
ne has any role in early folliculogenesis.
Some studies demonstrated that addition of FSH to the 
culture medium maintains viability and promotes in vi-
tro growth of early caprine preantral follicles (Matos et al. 
2007a), as well as antrum formation in different species after 
in vitro culture of large secondary follicles in mouse (Spears 
et al. 1998), murine (McGee et al. 1997), human (Wright et 
al. 1999), ovine (Cecconi et al. 1999), bovine (Gutierrez et al. 
2000) and swine (Mao et al. 2002). In addition, FSH stimula-
tes granulosa cells proliferation in swine (Hirao et al. 1994), 
inhibits apoptosis of granulosa cells cultured in vitro and in-
creases progesterone secretion by these cells (Yu et al. 2003). 
Although FSH receptors are expressed in granulosa cells 
(O´Shaughnessy et al. 1996, Ulloa-Aguirre et al. 2003) from 
primary follicles stage onward (Oktay et al. 1997), this hor-
mone may act indirectly in the primordial follicles through 
paracrine factors secreted by larger follicles or stroma cells. 
However, there are no reports demonstrating that the inte-
raction between progesterone and FSH is able to promote 
follicular activation and growth of caprine preantral follicles.
The aim of this work is to verify whether physiologi-
cal concentrations of progesterone alone or in association 
with FSH have a beneicial effect on the survival, activation 
and growth of caprine preantral follicles cultured in vitro 
for 1 or 7 days.
MATERIALS AND METHODS
Unless mentioned otherwise, the culture media, progesterone 
and other chemicals used in the present study were purchased 
from Sigma Chemical Co. (St Louis, USA).
Source of ovaries. Ovarian cortical tissues (n=8 ovaries) were 
collected at a local slaughterhouse from four adult (1-3 years old), 
mixed-breed goats. Immediately postmortem, the ovaries were 
washed in 70% alcohol for 10 seconds followed by two times in 
Minimum Essential Medium (MEM) supplemented with 100 μg/
mL penicillin and 100 μg/mL streptomycin. The pairs of ovaries 
were transported within 1 hour to the laboratory in MEM at 33°C.
Experimental protocol. In the laboratory, the ovaries from 
each animal were stripped of surrounding fat tissue and liga-
ments and then, cut in half. The medulla, large antral follicles, 
and corpora lutea were removed. Our organ culture system was 
described in detail earlier (Matos et al. 2007a,b). Ovarian tissue 
samples from each ovarian pair were cut in 25 slices (3mm x 3mm 
x 1mm) using a needle and scalpel under sterile conditions. The 
tissue pieces were then either directly ixed for histological and 
ultrastructural analysis (fresh control) or placed in culture for one 
or seven days. Caprine tissues were transferred to 24-well culture 
dishes containing 1ml of culture media. Culture was performed at 
39°C in 5% CO
2
 in a humidiied incubator and all the media were 
incubated for 1 h prior to use. The basic culture medium (cultu-
red control) consisted of MEM (pH 7.2-7.4) supplemented with 
ITS (insulin 6.25ng/mL, transferrin 6.25ng/mL and selenium 
6.25ng/mL), 0.23mM pyruvate, 2mM glutamine, 2mM hypoxan-
tine, 1.25mg/mL bovine serum albumin (BSA), which was called 
MEM+. Fragments were cultured in MEM+ alone or MEM+ contai-
ning progeterone (1, 2.5, 5, 10 or 20ng/mL), FSH (50ng/ml) or 
the interaction between different concentrations of progesterone 
and FSH (50ng/ml) (porcine FSH, provided by Dr. J.F. Beckers, Liè-
ge, Belgium), as shown in Table 1. Each treatment was repeated 
four times and the culture media was replenished every other day. 
The concentrations of progesterone were based on physiologic 
parameters for goats (Menchaca & Rubianes 2002, Khanum et al. 
2007), whereas the concentration of FSH was based on prelimi-
nary studies culturing caprine preantral follicles in our laboratory 
(Matos et al. 2007a).
Morphological analysis of preantral follicles. Before cultu-
re (fresh control) and after one or seven days in culture, all pie-
ces were ixed in Carnoy’s solution for 12 h and then dehydrated 
in increasing concentrations of ethanol. After parafin embedding 
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(Synth, São Paulo, Brazil), the wax blocks containing the treatments 
were completely and serially sectioned (7μm sections), and every 
section was mounted on glass slides and stained by Periodic Acid 
Schiff - hematoxylin. Follicle stage and survival were assessed mi-
croscopically on serial sections. Coded anonymized slides were exa-
mined on a microscopy (Nikon, Japan) under 400x magniication.
The developmental stages of follicles have been deined pre-
viously (Silva et al. 2004) as primordial (one layer of lattened 
granulosa cells around the oocyte) or growing follicles (interme-
diate: one layer of lattened to cuboidal granulosa cells; prima-
ry: one layer of cuboidal granulosa cells, and secondary: two or 
more layers of cuboidal granulosa cells around the oocyte). These 
follicles were still classiied individually as histologically normal 
when an intact oocyte was present, surrounded by granulosa cells 
which are well organized in one or more layers and that have no 
pyknotic nucleus. Atretic follicles were deined as those with a 
retracted oocyte, pyknotic nucleus, and disorganized granulosa 
cells detached from the basement membrane. Overall, 120 folli-
cles were evaluated for each treatment (30 follicles per treatment 
in one repetition x 4 repetitions = 120 follicles).
To evaluate follicular activation, the percentages of healthy 
primordial and growing follicles were calculated before (fresh 
control) and after culture in each medium. In addition, follicle and 
oocyte diameters were measured only in healthy follicles. Folli-
cle diameter was recorded from edge to edge of granulosa cell 
membrane, or from the outside edge of the theca cell layer when 
present. Oocyte diameter was recorded from edge to edge of the 
oocyte membrane. Two perpendicular diameters were recorded 
for each and the average of these two values was reported as folli-
cle and oocyte diameters, respectively. Care was taken to count 
each follicle only once as we have also done in our earlier studies 
(Matos et al. 2007a,b). Each follicle was examined in every section 
in which it appeared and matched with the same follicle on adja-
cent sections to avoid double counting, thus ensuring that each 
follicle was only counted once, regardless of its size.
Ultrastructural analysis of preantral follicles. For better 
evaluation of the follicular morphology, ultrastructural studies 
were carried out on fragments (1 mm3) of fresh control and treat-
ments that maintained follicular morphology during the histologi-
cal analysis. Briely, ovarian tissues were ixed in 2% paraformal-
dehyde and 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer 
(pH 7.2) for 4 h at room temperature. After ixation, fragments were 
post-ixed in 1% osmium tetroxide, 0.8% potassium ferricyanide 
and 5 mM calcium chloride in 0.1 M sodium cacodylate buffer for 
1 h. Subsequently, the samples were dehydrated through a gradient 
of acetone solutions and the tissues were embedded in Spurr. Semi 
thin sections (3 μm) were cut on an ultramicrotome (Reichert Su-
pernova, Heidelberg, German) for light microscopy studies and 
stained with toluidine blue. The ultra-thin sections (60-70ηm) 
were contrasted with uranyl acetate and lead citrate, and exami-
ned under a Jeol 1011 (Jeol, Tokyo, Japan) transmission electron 
microscope operating at 80 kV. Parameters such as density and 
integrity of ooplasmic and granulosa cell organelles, vacuolization 
and basement membrane integrity were evaluated.
Statistical analysis. Data were analyzed statistically with Kol-
mogorov-Smirnov and Bartlett’s tests, which were applied to con-
irm normal distribution and homogeneity of variance, respectively. 
Analysis of variance was made using GLM procedure of SAS (1999) 
and Dunnett’s test was applied for comparison of control group 
against each treatment tested. Student Newman Keuls’ (SNK) test 
was used to compare percentages of surviving primordial or devel-
oping follicles among treatments and days of culture. Because of 
the higher coeficient of variation observed in some comparisons, 
Duncan’s test was applied to compare treatments tested, whilst Stu-
dent’s t-test was used to compare means between days of culture. 
Differences among groups were considered signiicant when P<0.05 
and results were expressed as mean ± standard deviation (SD).
RESULTS
Caprine preantral follicle survival after in vitro culture
A total of 3,000 preantral follicles were analyzed by classi-
cal histology, which showed morphologically normal and de-
generated follicles before (non-cultured control) and after in 
vitro culture for 1 or 7 days. In degenerated follicles, histolo-
gical changes such as cytoplasmic retraction, picnotic nucleus 
and disorganized granulosa cells were observed (Fig.1).
Table 1. Different media tested for the in vitro 
culture of caprine preantral follicles
Culture médium Abbreviation
MEM+ MEM+
MEM+ + FSH FSH
MEM+ + Progesterone (1 ng/ml) P1
MEM+ + Progesterone (1 ng/ml) + FSH P1F
MEM+ + Progesterone (2.5 ng/ml) P2.5
MEM+ + Progesterone (2.5 ng/ml) + FSH P2.5F
MEM+ + Progesterone (5 ng/ml) P5
MEM+ + Progesterone (5 ng/ml) + FSH P5F
MEM+ + Progesterone (10 ng/ml) P10
MEM+ + Progesterone (10 ng/ml) + FSH P10F
MEM+ + Progesterone (20 ng/ml) P20
MEM+ + Progesterone (20 ng/ml) + FSH P20F
Fig.1. Histological section (400x) of preantral follicles cultured for 7 days with FSH plus progesterone (2.5ng/ml) (A) and MEM+ (B) 
showing (n) nucleus, (gc) granulosa cell, (o) oocyte. Note cytoplasmic retraction and picnotic nucleus in Figure B.
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The percentages of histologically normal preantral folli-
cles in control (fresh tissue) and after 1 or 7 days of cul-
ture are shown in Table 2. After 1 day, it was observed a 
signiicant reduction (P<0.05) in the percentage of normal 
follicles after culture with 2.5 or 10ng/ml of progesterone 
alone, compared with fresh control. In the same period, the 
association of 2.5 ng/ml of progesterone + FSH was beneic 
to the culture, since it showed greater (P<0.05) percentage 
of normal follicles in relation to the same concentration of 
progesterone alone. At day 7 of culture, addition of FSH to 
all progesterone concentrations kept the percentage of his-
tologically normal preantral follicles similar to fresh con-
trol (P>0.05). It was not observed any signiicant difference 
in the percentage of normal follicles between other treat-
ments and MEM+ at day 1 or 7 (P>0.05)
or 5 and 10ng /ml of progesterone alone, compared with 
fresh control (Fig.3). After 7 days, in all treatments, there 
was a signiicant increase (P<0.05) in follicular diameter in 
all treatments compared with fresh control, except in MEM+ 
and MEM+ when 5ng/ml of progesterone + FSH or 10ng/
ml of progesterone alone. When FSH was added to the me-
dium containing progesterone (2.5, 10 and 20ng/ml), folli-
cular diameter signiicantly increased (P<0.05) when com-
pared with these same concentrations alone, after 1 day, 
while its addition decreased follicular diameter in 5 ng/ml 
of progesterone plus FSH (P<0.05). At day 7 of culture, the 
positive effect of FSH addition was veriied at the concen-
tration of 10 ng/ml of progesterone (P<0.05). With the pro-
gression of the culture period from 1 to 7 days, there was a 
signiicant increase (P<0.05) in follicular diameter in FSH, 
Activation of caprine primordial follicles after in vitro 
culture
At day 1 of culture, 2.5ng/ml of progesterone alone or 
20ng/ml of progesterone associated with FSH signiican-
tly increased (P<0.05) the percentage of growing follicles 
when compared with fresh control (Fig.2). After 7 days, a 
signiicant increase (P<0.05) of growing follicles was ob-
served with 2.5ng/ml of progesterone + FSH or 10ng/ml of 
progesterone alone, compared with fresh control. At day 1, 
the media containing 1 and 2.5ng/ml of progesterone alone 
and 20 ng/ml of progesterone + FSH showed signiicantly 
higher percentage of follicular activation than MEM+ alone 
(P<0.05). It is important to note that from days 1 to 7, the-
re was a signiicant reduction (20ng/ml of progesterone 
+ FSH) and, in some treatments, an increase (MEM+ alone 
and 2.5ng/ml of progesterone + FSH) in the percentage of 
growing follicles (P<0.05).
In vitro growth of caprine preantral follicles
After 1 day of culture, there was a signiicant increase 
(P<0.05) in follicular diameter in MEM+ or MEM+ supple-
mented with 2.5, 10 and 20ng/ml of progesterone plus FSH, 
Table 2. Percentages of morphologically normal caprine 
preantral follicles in control (non-cultured tissue) and 
after 1 or 7 days of culture in medium containing 
progesterone and/or FSH
Control 85.02 + 4.30%
Day 1 (%) Day 7 (%)
MEM 68.37 + 12.32c 59.17 + 6.88*c
FSH 69.20 + 11.98c 57.52 + 16.61*ac
P1 70.87 + 12.87ac 56.70 + 14.40* ac
P1F 69.20 + 9.17ac 68.37 + 10.38ac
P2.5 49.17 + 13.44*ac 58.35 + 8.38*ac
P2.5F 71.70 + 5.77bc 64.20 + 9.95ac
P5 70.85 + 8.34ac 60.85 + 10.31*ac
P5F 70.85 + 14.24ac 64.20 + 7.41ac
P10 58.37 + 15.49*ac 58.35 + 6.95*ac
P10F 70.85 + 15.50ac 63.37 + 6.65ac
P20 69.20 + 9.57ac 56.70 + 16.77*ac
P20F 79.20 + 4.19ac 62.52 + 15.22ac
* Differs signiicantly from control follicles (P<0.05).
a,b Differs signiicantly from addition of FSH at the same concentra-
tions and days of culture (P<0.05).
c,d Differs signiicantly between days of culture in the same treat-
ment (P<0.05).
Fig.2. Percentages of developing preantral follicles in control 
(non-cultured tissue) and after 1 or 7 days of culture in me-
dium containing progesterone and/or FSH.
Fig.3. Mean follicular diameter (μm) in the control (non-cultured 
tissue) and after 1 or 7 days of culture in medium containing 
progesterone and/or FSH.
Fig.4. Mean oocyte diameter (μm) in the control (non-cultured 
tissue) and after 1 or 7 days of culture in medium containing 
progesterone and/or FSH.
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progesterone alone (1, 2.5 and 20ng/ml) and progesterone 
(1 and 20ng/ml) plus FSH, and a decrease in this diameter 
for culture performed with MEM+ or MEM+ supplemented 
with 5ng/ml of progesterone (P<0.05).
At day 1 of culture, MEM+ or MEM+ supplemented with 
5ng/ml of progesterone promoted an increase (P<0.05) in 
oocyte diameter when compared to fresh control (Fig.4). 
However, after 7 days, only 20ng/ml of progesterone asso-
ciated with FSH showed an oocyte diameter signiicantly 
higher than control or MEM+. Moreover, addition of FSH to 
2.5ng/ml of progesterone was beneic to preantral follicles, 
since it was the only treatment that promoted an increase 
in oocyte diameter after 1 day of culture (P<0.05). After 7 
days, the same effect was observed with 10 or 20ng/ml of 
progesterone. With the progression of the culture period 
from 1 to 7 days, it was observed a signiicant reduction 
(P<0.05) in the oocyte diameter with MEM+ or MEM+ sup-
plemented with 5 or 10ng/ml of progesterone alone or in 
10ng/ml of progesterone + FSH. In contrast, in such period, 
it was observed a signiicant increase in oocyte diameter in 
MEM+ supplemented with FSH, 2.5ng/ml of progesterone 
alone and progesterone (1 and 20ng/ml) + FSH.
Ultrastructural analysis of cultured caprine preantral 
follicles
For a better evaluation of follicular integrity, the ultras-
tructural analysis was performed in tissues from fresh con-
trol as well as in those cultured for 7 days with 2.5 ng/ml 
of progesterone, which showed satisfactory results at his-
tological evaluation. Both treatments showed ultrastructu-
rally normal follicles (Fig.5), with intact oocyte and nuclear 
membranes, nucleus with descondensed chromatin, some 
vesicles and organelles uniformly distributed in the cyto-
plasm. The granulosa cells were normal, with elongated 
nucleus and a high proportion nucleus-cytoplasm.
DISCUSSION
The present study showed the inluence of progesterone 
on the survival, activation and growth of caprine prean-
tral follicles cultured in vitro. It is important to empha-
size that the concentrations of progesterone used in this 
study were similar to the physiological levels reported in 
caprine specie (Menchaca & Rubianes 2002, Khanum et 
al. 2007).
After 7 days of culture, it was observed that addition 
of FSH to all concentrations of progesterone kept the per-
centage of preantral follicles similar to fresh control, whi-
ch demonstrate a positive interaction between these two 
hormones. Although there were few studies regarding the 
inluence of progesterone associated with FSH on prean-
tral follicles culture, it is known that this steroid can pre-
vent granulosa cells apoptosis in human (Makrigiannakis 
et al. 2000) and mouse (Shao et al. 2003). Furthermore, 
some studies demonstrated the importance of FSH for 
the maintenance of preantral follicle viability (Cortvrin-
dt et al. 1997, Matos et al. 2007a), inhibition of apoptosis 
of caprine granulosa cells from antral follicles, as well as 
increasing progesterone secretion by these cells (Yu et al. 
2003).
In this study, after 7 days of culture, it was veriied a gre-
ater percentage of growing preantral follicles with 2.5ng/
ml of progesterone associated with FSH or 10ng/ml of pro-
gesterone alone, compared to fresh tissue. Progesterone is 
a steroid hormone synthesized by the ovary, and its secre-
Fig.5. Ultrastructural analysis of non cultured preantral follicle (A) (5000x) and cultured for 7 days in medium containing FSH plus 
progesterone (2.5ng/ml) (B) (6000x) showing (n) nucleus, (gc) granulosa cell, (nc) nucleolus, (m) mitochondria, (arrows) nuclear 
and oocyte membranes. Note intact oocyte and nuclear membranes, nucleus with descondensed chromatin, granulosa cells with 
elongated nucleus and a high proportion nucleus-cytoplasm.
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tion is dependent on gonadotrophin stimulation and phy-
siological state of the ovary (Peluso et al. 2006). LH stimu-
lates the conversion of cholesterol to progesterone in theca 
cells. Thus, progesterone will be converted to testosterone 
(still in theca cells), and the latter converted to estradiol in 
the granulosa cells under FSH inluence. Estradiol acts in-
creasing progesterone production, until it reaches high se-
ric levels and then decreases FSH action on granulosa cells 
and consequently estradiol production (Yarak et al. 2005). 
In this manner, we can suppose that the action of these two 
hormones is related and could have inluenced the results 
obtained in this work. Some studies demonstrated that 
progesterone acts in follicular growth, ovulation and lutei-
nization (Peluso et al., 2006), besides promotes in vitro ma-
turation of monkeys (Zheng et al. 2003) and bitches (Kim et 
al. 2005, Vannucchi et al. 2006) oocytes. Furthermore, FSH 
can promote in vitro follicular activation in ovine (Andrade 
et al. 2005) and bubaline (Santos et al. 2006), acting indi-
rectly in the ovary, regulating growth factors that promote 
primordial follicle development (Thomas et al. 2005).
After 7 days, in all treatments tested, follicular diameter 
was larger than fresh control, except when 5ng/ml of pro-
gesterone + FSH or 10ng/ml of progesterone alone were 
used. In the same period, the concentration of 20 ng/ml of 
progesterone in association with FSH showed an oocyte 
diameter larger than control and MEM+ alone. The effect 
of progesterone in the ovary are exerted by their recep-
tors (PRA and PRB) present in theca and granulosa cells of 
preantral and antral follicles in mouse (Gava et al. 2004), 
swine (Slomczynska et al. 2000) and bovine (D´Haeseleer 
et al. 2007) and these receptors increase progressively in 
conformity with follicular development. However, it was 
demonstrated that in mouse without progesterone recep-
tors (PRA and PRB), follicular development can normally 
occurs (Lydon et al. 1996), suggesting that other receptors 
can be involved in progesterone action. Regarding FSH, 
their receptors are expressed in granulosa cells from pri-
mary follicles stage onward (Xu et al. 1995, O´Shaughnessy 
et al. 1996), suggesting that this hormone have an impor-
tant role in follicular growth.
In this study, TEM was performed in fresh control and in 
the treatment with 2.5 ng/ml of progesterone associated with 
FSH. Follicles were ultrastructurally normal with their featu-
res similar to those observed previously in caprine preantral 
follicles cultured in vitro for up to 7 days (Matos et al. 2007a,b).
In conclusion, this study demonstrated that the asso-
ciation of 2.5ng/ml of progesterone with 50ng/ml of FSH 
could promote caprine primordial follicles activation, as 
well as further in vitro follicular growth. In addition, the 
results showed that the interaction between these hormo-
nes maintain ultrastructural integrity of caprine preantral 
follicles cultured in vitro for up to 7 days. This culture sys-
tem should be useful for studying the regulation of early 
follicular growth and development, especially because the-
se follicles represent a large source of oocytes that could be 
used in vitro for embryo production.
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